Choroid plexus tumours -carcinomas and papillomasare rare, especially in adults, and they pose sorne problems in their diagnosis and management.
Introduction
Choroid plexus tumours -papillomas and carcinomasare relatively rare and occur more frequently in children than in adults, where they represent 3% and 0,5% of aH intracranial tumours, respectivelyl6, 23, 27, 35, 40, 43, 44 . More than 50% of choroid plexus neoplasms appear in the first 10 years of life. Incident peaks in the first 2 years 7 ,40,4I,43, 8-17% of them may show features of malignancy '7,27,29,J3,34,39. While the great majority are intraventricular they may occur outside the ventrieles lO ,20,21,22,25,30 In children papillomas are usuaHy located in the lateral ventrieles, while in adults they show a predilection for the fourth ventriele6, 26,27,32,40,41,44. Carcinomas appear more frequently in the lateral ventrieles, but were also described in the third and fourth ventriele6, 17,32,39,42,44. Their presence is most frequently heralded by raised intracranial pressure symptoms and signs, due to hydrocephalus, if they are located in the lateral or '1:hird ventricles, or by cerebeHar and brainstem signs if in the posterior fossa 23,29,41,43. We have reviewed the records of9 patients with choroid plexus tumours surgicaHy treated at our instituition during the last 18 years. Their elinical features, diagnosis, treat- pontine angle decreased hearing on the rigth, bilateral motor incoordination, gait ataxia ment, problems and outcome are presented. Total removal of these tumors should be the goal, but-adjuvant therapy may be necessary.
Material and Methods
In the present study a series of 9 patients (6 males and 3 females) operated on for choroid plexus tumors during a period of 18 years was studied.
Their c1inieal symptoms and signs were reviewed. Neuroradiologieal examinations inc1uded ventriculography (one patient), CT scan (8 patients), MRI (6 patients), and angiography (1 patient).
All patients received medical treatment and were opera-8 ted on. Different surgical approaches were used according to to the tumor location, and ventricular shunting (external or internal) was inserted if necessary. A cystic-peritoneal shunt was also inserted in patients who developed a porencephalye eavitation after tumor removal. Histophatological avaliation inc1uded the review ofthe formaline-fixed, hematoxylin-eosin stained siices embedded in paraffin, and immunocytochemical characterization with the peroxidase-antiperoxidase technique ofA ¡lm paraffin slices with a pannel of 8 different antibodies, which inc1u-ded antibodies to eytokeratin (CYT), vimentin (VIM), transthyretin (TTR), S 100 protein (S 100), epithelial membrane antigen (EMA), carcino-embrionic antigen (CEA), glial fibrillary acidic protein (GFAP) and a-l antitripsyn.
Choroid plexus tumours: a surgica\ly treated series Radiotherapy after surgery was offered to carcinoma patients.
FoHow-up included clinical and radiological evaluation. Clinical evalution included the neur()logical examination and Glasgow Outcome Scale (GOS) determination, and neuroradiological evaluation done by means of CT scan or MRI in order to evaluate local recurrence, growth of the remaining tumor and the presence of metastasis.
Results
From the 9 patients harboring choroid plexus tumours 6 had papillomas and 3 had carcinomas. Papillomas appeared in 3 females and 3 males, while the carcinoma patients were aH males.
The patient's ages ranged from 11 to 65 (mean 35) years in papillomas, and from 19 to 31 (mean 27) in carcinomas.
Papillomas were located in the fourth ventricles (three cases), in the third ventricle (two cases) and in the cerebeHopontine angle (one case).
Carcinomas arised from the lateral ventric1es (two cases) and from the IV ventricle, extending to the CP angle (one case).
The clinical presentation in the majority ofthe cases was associated with intracranial hypertension, or with brainstem and cerebeHar signs andsymptoms if the lesion was situated in the posterior fossa. Headaches were invariably present in aH patients. Vomiting, dizziness, visual disturbances, decreased hearing and unstandiness were present in sorne of them. On clinical examination, papilledema was present in aH patients, and cranial nerve abnormalities, ataxia and pyramidal signs were present in sorne of them. One of the patients (third ventric1e) had diencephalic symptoms.
The duration ofsymptoms was usuaHy short (2-7 months) except in one case where chronic headaches were present for four years, but in this case the diagnosis was made after a skuH X-ray done after a mild head injury (case 8).
Diagnosis was made by ventriculography in one patient, CT scan in nine (the first one only had CT scans after tumour recurrence), and MR in six (in one of them -case 2-only after recurrence). SkuH X-Ray was positive in two patients, showing a huge midline ca1cification in one patient and signs of intracranial hypertension in another one. Angiography was done in just one case (Table I) .
On CT scan tumours appeared as round or lobulated, iso or hiperdense mass lesions, with frequent ca1cifications, more rarely with cysts and edema, and without haemorrhage. After contrast injection there was a dramatic tumour enhancement in almost aH the cases.
On MRI the lesions were usuaHy heterogeneous. In TI weighted images they were predominantly isointense, and in T2 they were even more heterogeneous with predominant iso ami/or hyperintensity. Cysts were seen in four cases, and edema in two. Contrast enhancement after Gadolinium administration was heavy and usuaHy heterogeneous (figures 1,2,3).
Hydrocephalus of sorne degree was present in aH but one ofthe cases.
CT and MRI were not useful in differentiating papiHomas from carcinomas, except in one case (case 8) where parenchymal invasion could suggest a carcinoma. Surgical total removal was possible in aH but one case (case 8), due to parenchymal invasion. In another case (case 2) the tumour was completely removed in the first operation, but proved to be impossible to remove completely at the second operation after recurrence, due to tumour invasiveness of the adjacent parenchyma. Tumours in the lateral ventric1es were approached through temporal and parietal transcortical routes. The third ventric1e tumours have been removed through a right frontal transcortical incision. For the posterior fossa tumours, a midline suboccipital craniectomy was used in three patients, while a lateral one was choosed in the patients with the tumour in, or extending to, Five patients had an external ventricular drainage, inserted during tumour surgery, for only a few days in three cases, being converted to a ventriculoperitoneal shunt latter on in two cases. Another patient received a ventriculoperitoneal shunt previous to tumour surgical removal.
Porencephaly was seen after surgery in two patients, both of them harboring carcinomas in the lateral ventrieles. A cystic-peritoneal shunt was inserted in both ofthem, sometime after tumour removal ( Table 2) .
The nature of the tumour was confirmed in all cases by histopathological examination. Six were c1assified as papilIomas, with two ofthem showing sorne atypical features, and the remaining three were c1assified as carcinomas. While weII differentiated papilIomas mimicked the normal choroid plexus architecture and cytology, with a single layer of columnar or cuboidal epithelial celIs on a connective stroma with occasional microcaIcifications, the other two papilIomas (cases 2 and 9) showed focal breakdown of papilIary architecture with cytological atypia, rare mitosis and necrosis. Carcinomas showed loss of papilIary differentiation, with patternless celIular sheets or tubular pattern, cellular pleomorphism, mitosis and necrosis. In one case invasion of the adjacent neuronal tissue could be demonstrated (Figures 4,5,6 ).
The panel of antibodies used for immunocytochemical characterization -cytokeratin (CYT), vimentin (VIM), transthyretin (TTR), S 100 protein (S 100), epithelial membrane antigen (EMA), carcino-embrionic antigen (CEA), glial fibrilIary acidic protein (GFAP) and a-l antitripsyndepicted a quite variable, non specific expression (Table3).
No metastasis were seen in our patients. Two patients with carcinoma received radiotherapy.
Recurrences happened after total remova1 in both papilIornas and carcinomas.
The period of folIow-up ranges from 18 months to 15 years. Two ofthe patients died during this period, due to the tumour itself, one 6 years, and the other 8 years after the first operation. Both of them had recurences of their tumours, and were reoperated (one had two recurences). The first one had a papilloma (atypical), and the other one a carcinoma.
Four patients remained with permanent new neurological problems (epilepsy, cranial nerves abnormalities, and pyramidal tract signs) after surgery. Fram these patients, two have a GOS of 5, and the other two have a GOS of 4.
The other three patients are symptom-free, and have a normallife (Table 2) . Three detailed cases are described, because they presented special difculties of treatment.
Case 1
A 30 year-old man presented with a 2 month history ofheadache and vomiting. On clinical examination he was found to have bilateral papilledema, without any other neurological signs. A ventriculogram demonstrated symmetrical dilatation of the lateral ventricles and the left temporal and occipital homs did not filI completIy. A transcortical left temporal craniotomy was performed, and a plexus choraid tumour was totalIy removed. Postoperatively he was left with a rigth hemianopsy. The histopathological examination was suggestive of a metastasis fram a carcinoma. He received radiotherapy. Three years later a CT scan revealed tumour recurrence at the occipital hom,and a new surgical procedure was carried out, again with total removal ofthe tumour, now through a smalI occipitallobectomy. At this time the neuropathological examination revealed a choroid plexus carcinoma. A new recurrence was shown by another CT scan, with an interval of ten months, and this was once more completely extirpated. A last CT scan, two years lattet; showed a CSF filled cysticcavitation adjacéht to the left temporal hom, and a shunt from the cystic cavity to the peritoneum was inserted. No additional complications resulted from these last operations, but the patient died six , years after the first operation, at home, and no autopsy was done.
Case 2
This 47 years-old male patient presented with a 7 months history ofheadaches, dizziness, and visual disturbances in his left eye, which he described as seeing "brigth cireles" crossing his eye. He was found to have bilateral papil1e-dema, rigth seventh, ninth and tenth cranial nerve palsies, gait ataxia and right motor incoordination. CT scan depicted a fourth ventricular mass, with associated hydrocephalus. Total macroscopic removal of a choroid plexus papilloma was achieved through a median suboccipital craniectomy.
The patient was left with a miId right hemiparesis, swal1o-wing difficulties, dysarthria, and developed meningitis in the postoperative period, which was successfully treated with antibiotics, and he could live an independent life. A recurrence was diagnosed by CT scan eight years latter, and he was re-operated with a sub-total removal of the tumour at this time, due to tumour invasiveness. In the postoperative period he was left with a rigth 12th nerve paresis, and developed focal epilepsy, gastro-esophagic haemoIThage and ARDS, ending on a tracheostomy. He died seven months latter.
Case 8
A 19 years old boy has suffered a vehiele accident, and his skull X-ray demonstrated signs ofhigh intracranial pressure. After inquiring, chronic headaches were known to exist, and an urgent CT scan was requested. It showed a huge rigth ventricular tumour occupying the temporal and occipital horns, as wel1 as the atrium, associated with hydrocephalus. He was admitted for further investigation (MRI). His clinical examination revealed left optic atrophy, left fifth and eigth cranial nerves disturbances, left side decreased touch and pain sensation, and gait ataxia. He was operated on 12 days latter. A transcortical right parietal craniotomy was chosen, and through a sulcus the lateral ventriele was approached. Only partial removal was achieved. An external ventricular drainage was left. Histopathological examination showed a plexus carcinoma. In a second operation 3 weeks latter, the tumour proved to be impossible to remove completely, due to parenchymal invasion.
A ventriculoperitoneal shunt was inserted in the left lateraJ ventriele. The patient was left with a quite miId (4+) left superior limb paresis and a left homonimous hemianopsy. An MRI done three months latter revealed the residual tumour, with an anterior cyst and an associated CSF filled cavitation. It was tried again to remove the tumour, butjust a partial excision was once more possible. The anterior cyst was aspirated and a cystic-peritoneal shunt was inserted, from the CSF cavitation. No added deficits resulted from this last operation, and he was sent for radiotherapy. Four years after the diagnosis he is doing very well.
Discussion
Choroid plexus tumours are neuroepithelial tumours 7.25,27,35,37,40,41 and the first tumour ofthis kind was described, according to Davis and Cushing (9) , by Guérard in 1833.
They are rare tumours, especial1y in adults, and are usual1y located inside the ventrieles. The few cases described outside the ventrieles are thought to arise from an embryonic rest of the choroid plexus, from a smal1 tuft of choroid plexus extending from the foramen ofLuschka into the cerebel1opontine angle, or from dissemination through CSF 5,10,20,21,22,30,41. Malignant papillomas or carcinomas are even rarer and sorne of the reported cases may not be in fact true primary choroid piexus carcinomas2, 3,6,8,11,I5,I7,19,26,27,31,33,34,39,42,43,45. Very unusual1y choroid plexus tumours may be associated with other tumours 38 , or being part ofLi-Fraumeni syndrome 45 or von Hipel1-Lindau disease 4 • A few cases of multiple tumours have been described, accounting for les s than 4% of a1l choroid plexus tumours 8,41. Familial OCCUITence is another rare possibility, raising the hypothesis of genetic predisposition in this kind oftumours 46 • One ofthe most constant features ofthis kind oftumours is the concomitant existence ofhydrocephalus. The reasons for its development inelude tumour obstruction ofthe fora-men of Momo, third and fourth ventricles lumens, CSF overproduction, and blockade of its absortion due to high concentration of proteins and blood breakdown products from small intratumoural haemorrhages5.6.7.12.14. 23.26,41,44. Other possible complications of choroid plexus tumours include subarachnoid haemorrhage l • 13 • 35 and "seeding" 5. 16.29.32.34 On CT scans the usual appearance is of a well-circunscribed, round or lobulated, iso or hyperdense mass lesion, with marked enhancement after IV contrast. Intratumoural calcification is frequent, and small cystic areas may also appearI7. 20.22.25.26.44. MRI is the best diagnostic tool, because it shows the tumour in the three planes and may depict parenchymal invasion. On TI weighted images these tumours appear as isointense heterogeneous well defined masses. Regions of low signal corresponds to the presence of calcification aml/or vascular areas, and hyperintense zones are compatible with haemorrhagic component. There is usually marked heterogeneous enhancement with Gadolinium injection. On proton density and T2 weighted images tumours may be iso or hyperintense, and usually heterogeneous 20.22.25.27.42.44.
There are no special features to distinguish papillomas from carcinomas with CT or MRI scanning.
Lesions to be taken in account for the differential diagnosis include metastasis, ependymomas, medulloblastomas and other gliomas 6 .'8,26.31.36, 44 .
Microscopic examination in papillomas shows the normal choroid plexus cellular pattern, with a single layer of columnar or cuboidal epithelial cells devoid of cilia and blepharoblasts, lining a collagen stroma where microca1ci-fications may appear.
In this group sorne atypical features may be present -loss ofthe papillary structure, pseudostratification ofthe epithelium, cysts, necrosis and sorne mitotic activity and nuclear pleomorphism-and these tumours may be c1assified as atypical papillomas. Carcinomas usually have frank invasion of the adjacent neural parenchyma and inequivocal cytological and histological malignity. High cellularity, cells fonning large solid sheets with occasional differentiation, and anaplasic features including increased mitotic activity, cellular pleomorphism, nuclear atypia and necrosis are characteristic. They may spread along the neuro-axis 3.11,26.27. 29,40,44. Immunohistochemical studies may be useful for the differential diagnosis of intraventricular tumours and also in distinguishing between both choroid plexus papillomas and carcinomas. Various antibodies have been used, but are contradictory in many studies. These tumours usually coexpress both epithelial and glial types ofreactivity. TTR (transthyretin) has been claimed to be a specific marker because it would be produced in the central nervous system at the site of the choroid plexus. Nevertheless, it is now well-known that reactivity may occur in myxopapillary Total removal of the lesion is the treatment of choice for choroid plexus tumours, beeing the surgical approach dependent on various factors such as tumour location, presence of hydrocephalus, neurological deficit, hemispheric dominance, and the surgeon's preference. Lateral ventricle tumours may be approached through a transcortical incision, or through the transcallosal route. Third ventricle tumours may also be approached by those two techniquec ombined or not, the last one, with a transsylvian approach. Lesions in the fourth ventricle are approached via an inferior median suboccipital route, while tumours in the cerebellopontine angle are accessed via a lateral suboccipital craniectomy. Precocious interruption ofarterial supply is of great help in facilitating tumour removal, but is quite difficult in lateral ventricle tumours 17.23.26,36.40,4 1,42,44.
There is still sorne controversy about the need and timing for shunting these patients. Some authors suggest that a shunt should be placed as soon as possible in third and fourth ventricular tumours, and removed a few days after surgery, definitive surgery being postponed to one or two weeks after shunting 36 . Others suggest that a shunt must be inserted only after tumour removal, ifhydrocephalus persists, using or not an external drainage temporarily, inserted at admission or during turnour surgery24,26.41.44.
Radiation therapy is usually reserved for malignant tumours and for recurrent benign ones 15.21.27.29.34.35,41.42.43. Nevertheless, due to the possibility of seeding, entire neuro-axis radiotherapy has been proposed for aH cases 3 .
Chemotherapy has been used with some good results in pediatric patients2, I5,34.39.42.45.
While some authors state that prognosis is usually good for papillomas and poor for carcinomas, despite surgical removal and adjuvant therapyS·6.27,40, there is evidence that histologically malignant tumours do not always behave as malignant tumours from a c1inical point ofview 2,15.29.31.32.44.
The findings in our cases differ from those reported in the literature in three main points, which are the patient's age, the percentage of third ventricle and cerebellopontine angle location for papillomas, and the percentage ofmalignant tumours,
The first aspect is due to the fact that we do not see children under 11 years of age, at our institution. PapiHomas in rare locations, such as the third ventricle and the cerebellopontine angle represent 50% in our series, which is much higher than in the literature '6. 29 ,44. Carcinomas repre-choroid plexus tumours: a surgically treated series sent,33% ofour plexus tumours, which is also a higher percentage than usual I7,27,29• In conclusion, we believe that these rare tumours once diagnosed must be surgically treated, and total removal should be the goal because complete surgical resection is the major prognostic factor for long-term survival. Ifresidual tumor is found a second surgery is indicated. Necessity for shunting must be evaluated individually.
Radiation therapy must be reserved for incomplete papilloma removals or recurrences, and for carcinomas whatever the surgical removal has been. Chemotherapy is another adjuvant therapeutic modality which may be used alone or in combination with radiotherapy.
Due to the possibility of recurrence, seeding, late hydrocephalus or CSF cystic cavitation developement, patiens with choroid plexus tumours must have a long-term follow-up.
